2 7 S EP 2004 SAW RESONATOR FI LTER BACKGROUND OF THE INVENTION 1. Field
of the Invention This invention relates to a SAWresonator filter and nore
specifically, the present invention relates to a SAWresonator filtr7 SEP 2004
havi ng a narrow bandw dth and having a conpact size. 2. Description of the
Rel ated Art A SAW (surface acoustic wave) filter is wdely used as a
bandpass filter in conmunications devices and other el ectronic devices.
SAWTfilters include a transverse-type SAWfilter, which has two
interdigital transducers (I DT% Fegoel ectric substrate
with a predeterm ned distance t e%E%ﬁT@nglgﬁéAWresonator filter

havi ng a resonator including an I DT provided on a piezoelectric substrate.
An edge reflection type SAWresonator filter using Shear Horizontal (SH)
surface acoustic waves such as Love waves and Bl eust ei n- Gul yaev- Shi nuzu
(BGS) waves and other simlar waves, is known as a SAWresonator filter.
In an eéE%Ké?{de?ﬂﬁ Of -F%quﬁéw-p'@wnator filter, the resonator is provided
bet ween ' pi ezoel ectric substrate, and the edges
are used to reflect the SH waves. Since reflectors are not needed, a
conpact filter can be realized. Further, an edge reflection type

| ongi t udii higld of g Kvestie\w r esonat or filter, 1 2 7 S EP 2004

This invention relates to a SAW resonator filter and more specifically, the
present invention relates to a SAW resonator filter having a narrow bandwidth and

having a compact size.

2. Description of the Related Art

A SAW (surface acoustic wave) filter is widely used as a bandpass filter in
communications devices and other electronic devices. SAW filters include a
transverée—type SAW filter, which has two interdigital transducers (IDTS) arranged
on a piezoelectric substrate with a predetermined distance therebetween, and a
SAW resonator filter having a resonator including an IDT provided on & piezoelectric
substrate.

An edge reflection type SAW resonator filter using Shear Horizontal (SH)
surface acoustic waves such as Love waves and Bleustein-Gulyaev-Shimuzu (BGS)
waves and other similar waves, is known as a SAW resonator filter. In an edge
reflection type SAW resonator filter, the resonator is provided between two opposite
edges of the piezoelectric substrate, and the edges are used to reflect the SH
waves. Since reflectors are not needed, a compact filter can be realized.

Furlher, an edge reflection type longitudinally coupled SAW resonator filter,



and a transversely coupled SAWresonator filter, which are made by coupling
two SAWresonators, is already known (e.g. Japan Unexam ned Patent

Publ i cation Nos. 9-69751 and 10-261938). Fig. 19 is a perspective vi &&EP 2004
showi ng an exanple of a conventional edge reflection type, longitudinally
coupl ed SAWresonator filter. The longitudinally coupled SAWresonator
filter 51 includes IDTs 53 and 54 which are provided on a rectangul ar

pi ezoel ectric substrate 52. T | DTs 5 54 are. ed e i e
sur f ace28@ UYENEVRISeY F@éﬁﬁ%tﬁe\é’, re&,q&aﬁqrg‘ﬂ%ri YR aieoﬁﬁ“{%é{’ ‘;Cfbﬁlgﬁ'?!ﬁ t([)\Mngof
propagation of the surface acoustic wave. Alternatively, Fig. 20 shows a

convent ganalresegRor< it artaonkhywe, (ely. dapuerdehpmioed RHaentRWlicEA N
filter. The transversely coupled SAWresonator filter 61 includes 1DTs 63

and 64 ' are | on a rectangul ar piezoelectric substrate 62.
Each of %Eﬁ@ E@Q%tﬁ%%gh I's an edge reflection type surface acoustic wave
resonator, but here the IDIs 63 and 64 are aligned pe£%endi cul ar ai‘o t he

di rection of Figrthagat perspertiveiew shanina @usKadPliagh @ sReYeNtanal égpt
demand for a filter having a narrow bandwi dth in order to inprove the

degree ChyrR. ' n le@nslavBAWIoestoratitter.f Mhieeden@udinedly 61,
givfmle?ﬁhﬁ W) IdrdithiRang mg:s ] i

t he ban i s réducéd by nethods that include: (1) using piezoelectric
oot 1 crewpied SV PEsnatey VR % MR BBH BT B R gE BRI s
smal l er, thereby lowering the effective electronechanical coyplin
coef f i ciemangulee piazoelening sybsteptahd. dde KATs &8 ANdhed ab%ﬁassrf eﬁﬁ‘é"qf%‘i@? and
bri ngi ng the resonant frequencies of the two resonators closer together;
and ot hgpgkai laabushs NRESe resonators, and are aligned along the direction of
propagation of the surface acoustic wave.
Alternatively, Fig. 20 shows a conventiona! edge reflection type, transversely
coupled SAW resonator filter. The transversely coupled SAW resonator filter 61
includes IDTs 63 and 64 w.hich are provi;jed on a rectangular piezoeleclric substrate
62. Each of the |DTs 63 and 64 is an edge reflection type surface acoustic wave
resonator, but here the 1DTs 63 and 64 are aligned perpendicular to the direction of
propagation of the surface acoustic wave.
There is a great demand for a filter having a narrow bandwidth in order to
improve the degree of selection. In the conventional SAW resonator filters 51 and
61, the bandwidth is reduced by methods that include: (1) using piezoelectric
substrates 52 and 62 that have small electromechanical coupling coetficients; (2)
making the thickness of the electrodes ot the IDTs smaller, thereby lowering the
effective electromechanical coupling coefficients thereof, or (3) adjusting the

distance between the IDTs, and bringing the resonant frequencies of the two

resonators closer together; and other similar methods.



2 27 SE P 2004 The problemw th the first nmethod is that it is necessary

to select a piezoelectric material for the piezoelectric substrate t{]?tS #’?
suitable for its intended purpose, and it is difficult to obtain a EP 7004
mat eri al which has an el ectronechani cal coupling coefficient appropriate

for the required bandw dth. Further, it is extrenmely difficult to find
materials that are suitable for the necessary bandw dth and which also

have excelle t r ; r gctierd St k& Sic They1prio icthnt e sseand
mothod 1o t nat CiRRCERE il CRELIENE Fethbs sigTHRMPHOR AMbctsary| ¢ s

decreased, vibration energy caused by the piezoelectric ffect leads to
conver spwzosieatrie maiess! o5 el KeRRIeEt s rubsEa ﬁ@ﬂtdﬁ%‘l‘?apﬁefqgééﬁ ngd-'ds ilter

characteristics. Further, there are limts to the anount of narrow ng of

the bagdvﬁcﬁd] Lhatit GanitheuRabi eeth aTheatprigblwenehwinas aheelebiromeckamiodl i s
t hat when e resonant frequencies of the two resonance nodes are brought

| ncr cas PRPIT GRETSIET GReTCRlRRAY (o ‘THET A veRERERn TETRDEr LR e hen®

probl ems descri bed above, preferred enbodi ments of the present invention
provi deditiiGAWMo dchatateridls [that arensuitgble tearthevnesessandbandMdiy gnd whic
I ncreasing the insertion |oss, having excellent tenperature

char act gidshinGs exailfent |dMperdilia! chreetcaifiés ci ent el ectrode thi ckness. A

preferred enbodi nent of the present invention provides a SAWresonator

filter which.gener atigsh S YRS SHichACHEAREYE falWifth 3RE hitkhekschuies
electrodes of the IDTs is decreased, vibration energy caused by the piezoelectric
effect leads 1o conversion of the waves to bulk waves and deterioration the desired

fiter characteristics. Further, there are limits to the amount of narrowing of the

bandwidih that can be achieved.

The problem with the third method is that when the resonant frequencies of
the two resonance modes are brought too close together, the two resonance modes

become almost joined, thus increasing insertion loss.

SUMMARY OF THE INVENTION

To overcome the problems described above, preferred embodiments of the
present invention provide a SAW resonator filter having a narrow bandwidth without
increasing the insertion loss, having excellent temperature characteristics, and |DTs
that have sufficient electrode thickness.

A preferred embodimen‘t of the present invention provides a SAW resonator
fiter which generates SH-type surface acoustic waves and that includes a

piezoelectric substrate, and first and second resonators arranged on the



pi ezoel ectric substrate, and first and second resonators arranged on the 3

2 7 S E P 2004 piezoelectric substrate, the first and second resonatgr]sm_zpmIM
including first and second interdigital transducers having el ectrod
fingers, respectively, wherein the first and second interdigital
transducers are acoustically coupled to forma filter, and wherein the
first and second interdigital transducers are divided into a plurality of

sub-interdi gi 1 e [ | Ji - nd
emboct mir2ap g BRETENE eh Bl 510" sef@RP Recdndfint nboRP R Sect
preferably divided to have two to four sub-IDT portions. Also, in. Qqthe

pr ef er r auieetipibali rensdycars d1aning eles@Ie e wfds i FsPEaINE!Y: Whefer'%ﬁlg%g'é r%nc{my
either be longitudinally coupled or transversely coupled. Note that by

di vi di ngebhRqli 619'&@!’ {rahsd J@NS Bve aEsusitana\eupldd ioploemsa itéDEndpehereons,
the effective el ectronechani cal coupling coefficient is reduced, thereby

bl i he bandw dt h b d her. - '
ol act rodee BRuENG eaphBud PBTOle T SEareee Akeon ool ear PRRER el o o

having excellent tenperature characteristics, so that it is possible
t 0. achi eub-inteddiyilatranatecerfidrtiens, rasReiyedy. nar r ow bandwi dt h and superi or
tenperature characteristics. Mreover, when an edge reflection type SAW

resonator fi |Iﬁelﬁné'?r@ﬁér@d‘ EMPRJFHEAREEIRC BHSHNE inwitied, itse Miesteand setand
possi ble to provide a conpact band filter having |ow | oss and excellent

commun; dTGTe RIBIRAVIPRE T de e TR IR P e Gupt exer i nol des
t he above-descri bed : i .

Also, in other preferred embodiments, the first and second interdigital
transducers may either be longitudinally coupled or transversely coupled.

Note that by dividing the interdigital transducers to have multiple sub-IDT
portions, the etfective electromechanical coupling coeflicient is reduced, thereby
enabling the bandwidih to be made narrower. Further, the improvement in electrode
structure aliows for the filter to use a piezoelectric substrate having excellent
temperature characteristics, so that it is possible 10.achieve a SAW resonator filter
having a narrow bandwidth and superior temperaiure characteristics. Moreover,
when an edge reflection type SAW resonator filter using SH-type surface acoustic
waves is made, it is possible to provide a compact band filter having low loss and
excellent selectability.

In ancther preferred embodiment of the present invention, a communication
apparatus includes a duplexer, wherein the duplexer includes the above-described

resonator filter having first and second interciigital transducers that are divided into a

plurality of sub-intercligital transducers, respectively,



resonator filter having first and second intercligital transducers that are
divided into a plurality of sub-intercligital transducers, respectiy?I%P 26b4
2 7 SEP 2M4 Ot her elenents, features and advantages of the present
invention will be described in detail below with reference to preferred
enbodi nents of the present invention and the attached draw ngs. BRI EF
DESCRI PTI ON OF THE ATTACHED DRAW NGS The present invention wll becone nore

fully U“d.ebegﬁér IOREhite 1dairbs athd desaniagekont biev eredert ehuebidrowihie t he
acconpanyi ng drawi ngs which are given by way of illustration only, and

thus do not limt the present. invention and wherej i '

per spec OESEIRAR D Setall E’re \)%'}rbé‘?fﬁr%pﬁoear%{ﬁv\%peérﬁﬂg@b?eqt%l#Z‘Pa %rgégrr“di ng
to a preferred enbodi nent of the present invention; Fig. 2 is a diagram
showi ngirvieatioe!zaid ibesitigrHeet dveaingse nunber of divisions of an IDT and the
1 0-dB attenuation bandwidth in a transversely coupl ed SAW resonator

filter; Fig. 31s a BRAGFaIESBAIPTON IS, TelBNTaATMEDIBRAGANGYDer of
di visions of an |IDT N a transversely coupl ed SAW
resonator filter; Fig. 41is a ective vi showi. ng_anet her,, pref.e d
embodi nent  ofl EnBreseNh ARV g’ﬁtggﬁ@'@ﬂ 'BR{R ?‘EYQ’OHQ%\%F?‘WCP%@WE 3F8t ég'g)egogsent
invention; Fig. 5 is a perspective view showi ng still another preferred
enbodi neetscrqjtidmgivehrmimbemwaodupe etcempanysgnancorings Mhieh afe givenpiesent
i nvention; Fig. Is a perspective view of a preferred enbodi mrent of a
tr ansve(ﬂsa?) ¢ illustration only, and thus do not limit the present invention and wherein:
Fig. 1is a pefspective view of a transversely coupled SAW resonator filter
according 1o a preferred embodiment of the present invention;
Fig. 2 is a diagram showing the relationship between the number of divisions
of an IDT and the 10-dB attenuation bandwidth in a transversely coupled SAW
resonator filter;
Fig. 3 is a diagram showing the relationship between number of divisions of
an IDT and the insertion loss in a transversely coupled SAW resonator filter;
Fig. 4 is a perspective view showing another preferred embodiment of the
transversely coupled SAW resonator filter of the present invention;
Fig. 5 is a perspective view showing still another preferred embodiment of the
transversely coupled SAW resonator filter of the present invention;
Fig. 6 is a perspective view of a preferred embodiment of a transversely

coupled SAW resonator filter having muliiple stage connections according to the

present invention,




coupl ed SAWresonator filter having nultiple stage connections according to
the present invention; 52 7 S E P 2094 Fig. 7 is a perspective viewGEP 2004
anot her preferred enbodi nent of a transversely coupl ed SAWresonat or

filter having multiple stage connections according to the present

invention; Fig. 8 is a perspective view of a longitudinally coupled SAW
resonator filter according to a preferred enbodi ment of the present

i nventi on; FiFgg. 971 & aa PRERPRELiVY evisivevsiofanatHern piréfedienaldnybaboene dofSAN
r

resonator filt according to another preferred enbodi nent of the present

i ion; Fig. 10 is a di howi ng..the, fr. | -
char act Sarsvpiels obiolgn s Charabh gt aralfe, aEC s R oLt Rien

filter; Fig. 11 is a diagramshow ng the frequency vs. anplitude
char act exccetding tofthe présanginvetitioal | y coupl ed SAWresonator filter according
to a preferred enbodi nrent of the present invention showin Fig. 8, Fig. 12

s a di agramshow B0, [RPsFdAOUanEY o igigtludnile Ehlas SaWsesonabl fiter

| ongi t udi nal I'y~coupl e resonator filter according to a preferred
enbodi nent of thghg fshown in 13 is a diagram
h

showi ng aCRETFIREJA {e?ﬁfs/’ggé ﬁhirh\a%%lﬁgp‘& ‘Q?d%f?é‘??@??%’g‘i%fi g- | ongi t udi nal 'y
coupl ed SAWresonator filter when an IDT is divided into four according to
a preferred digodiisamerspediive yeewsda longiedinancowmigd SV resanalioadheim
show ng frequency anplitude characteristics of a

according to another preferred embodiment of the present invention;

Fig. 10 is a diagram showing the frequency vs. amplitude characteristics of a
conventional longitudinally coupled SAW resonator fiiter;

Fig. 11 is a diagram showing the frequency vs. amplitude characteristics of a
longitudinally coupled SAW resonator filter according to a preferred embodiment of
the present invention show in Fig. 8;

Fig. 12 is a diagram showing the frequency vs. amplitude characteristics of a
longitudinally coupled SAW resonator filter according to a preferred embodiment of
the present invention shown in Fig 9;

Fig. 13 is a diagram showing the frequency vs. amplitude characteristics of a
longitudinally coupled SAW resonator filter when an DT is divided into four
according to a preferred embodiment of the present invention;

Fig. 14 is a diagram showing frequency amplitude characteristics of a

longitudinally coupled SAW resonator filter when an IDT is divided into  five

according to a preferred embodiment of the present invention;



| ongi tudi nally coupl ed SAWresonator filter when an IDT is divided into

five according to a preferred enbodi nent of the present invention; 67Xfp 4
E P 2004 Fig. 15 is a diagram showi ng the rel ati onshi p between the nunber

of divisions of an IDT and a 10 dB attenuation bandw dth in a

| ongi tudinally coupled SAWresonator filter of a preferred enbodi nent of
the present invention; Fig. 16 is a diagramshowi ng the relationship

between the pigrbes Rf a diagrairorhoafingntheDielationshis ebetm@en dse mumaer of

| ongi tudi nal ly coupl ed SAWresonator filter of a preferred enbodi nent of

the present invention: Fig. ,17.kS ' ' ' | &t i

bet weerdVROTDEN BT 2Pt done el AR AT rentRdhamyeied
effective el ectromechani cal coupling coefficient Kin a |ongitudinally
coupl edSBMW\esmmat biterfolla prefered epadimestiol BRIVESARINDVEIhe present
invention; Fig. 18 is a diagram show ng the rel ationship between a nunber

of divi si onsg0f 1gnid QT gigdtdnt Rprolieg uerc yeldiibhstipnpbetwiierbeheesumaer edonant
frequency and~an antiresonant frequency, evaluated fromthe I DT on one

per SpectMEOT BLABIDL AbHSRHRBNGRS 1 Ag) Taeray. bl SAgiond fer

filter; Fig. 20 is a perspective view of a conventional transversely
coupl edoSAWeicestnamnbodiméntaf thepesearg INEDNOS; a bl ock di agram showi ng a
comuni cati on apparatus according to

Fig. 17 is a diagram showing the relationship between the number of
divisions of a SAW resonator of one IDT and an effective electromechanical
coupling coefficient K in a longitudinally coupled SAW resonator filter ot a preferred
embodiment of the present invention;

Fig. 18 is a diagram showing the relationship between a number of divisions
of an IDT, and the frequency difference AF between a resonant frequency and an
antiresonant frequency, evaluated from the IDT on one side of a tongitudinally
coupled SAW resonator filter;

Fig. 19 is a perspective view of a conventional longitudinally coupled SAW
resonator filter;

Fig. 20 is a perspective view of a conventional transversely coupled SAW
resonator filter; and

Fig. 21 is a block diagram showing a communication apparatus according to

a preferred embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT




a preferred enbodi ment of the present invention. DETAI LED DESCRI PTI ON OF
PREFERRED EMBODI MENT 7 2 7 SEP 2004 Fig. 1 is a perspective view of a
transversely coupled SAWresonator filter according to a preferred?7Sgp Fﬂm
enbodi ment of the present invention. Referring to Fig, 1, the transversely
coupl ed SAWresonator filter 1 preferably includes a substantially

rectangul ar piezoelectric substrate 2. The piezoelectric substrate 2 is

preferably ff@de' of aapé’rjsﬁéeﬁxlee%tév@ ¢ 9 DahsvaEyyt cdused BAY tgsa0Blgr filler NbCB,
0

and quartz, a plezoelectric ceramc such as a lead titanate zirconate

ceram c. \Wien the piezoelectric supstrate 2 i maiQﬁ f ' eefrqic
cer ani caceaiging &y 8dMERITEE em&mﬁﬂea 8¥ e ?r?ﬁﬁ@r'{'\ée ‘O?‘n %fgtrﬁgﬁ of'tHat is
substantially parallel to a direction in which electrode fingers of |DIs 3

and 4 exfeetiinsvdrecy eagsbe SAVCresobstordilter? piferile ncladenad swpsiairilyace
each other. The direction that a |line connecting the edges 2a and 2b

ext ends | Sadifaf ek it sielle SHrtyRfesttibase aamishe Q2 U msierably

propaga{eés. are provided on a top surface 2c of the

substrate 2, and extend in a direction that is substantially endicul ar
to the tiadecof gn pigzogledpageinaiercryflat FaICELRE a@é‘ogcm e aﬂéeqlgﬁ%afd@??ne
first and second SAW resonators, respectively. Furthernore, the first and

second pRSPBAMSE Sramigcoust | gal by leznupitanateo zifebnaie Leramis v dYiken ythe
coupl ed SAWresonator filter, One of the novel features of the SAWfilter

oF Phe” B e e R 5 Rl BE bR N ce e npicestniact ur e
substrate 2 is polarized in a direction that is substantially parallel to a direction in
which electrode fingers of IDTs 3 and 4 extend.

The piezoelectric substrate 2 has edges 2a and 2b that face each other. The
direction that a line connecling the edges 2a and 2b extends is the direction in which
SH-type surface acoustic waves prepagate. -

The IDTs 3 and 4 are provided on a top surface 2c of the substrate 2, and
extend in a direction that is substantially perpendicular 1o the direction of
propagation of the surface acouslic wave and define first and second SAW
resonators, respectively. Furthermore, the first and second resonators are
acoustically coupled to define a transversely coupled SAW resonator filter,

One of the nove! features of the SAW filter of preferred embodiments of the
present invention resides in the structure of the IDT that constitutes each resonator.

The IDT of each SAW resonator is divided into a plurality of sub-1DTs, which are

connected in series and aligned in a direction in which the excited SH-type waves

propagate.



The I DT of each SAWresonator is divided into a plurality of sub-I1DTs,

which are connected in series and aligned in a direction in which the
excited SHtype waves propagate. a 2 7 S EP 2004 More specifically,? 5P 2004
1IDT 3 is preferably divided into sub-1DT portions 3A and 3B so that
sub-1DT portions 3A and 3B are arranged al ong the surface acoustic wave
propagation direction. In addition, the sub-1DT portions 3A and 3B are

el ectrical | ypgne %?@bﬂi@ailyﬂ BN DYs3 W preferapiyaividedsnivasuls | D hadrticns D andd
between a pair of input termnals IN. The IDT 4 is also divided so that

R i B T SR R R A BT e R

el ectrically connected in series via a conmon bus bar 5 that is |ocated
bet weenwavpapropegationpdiretiomi haladddion, thiee subMDI Hestiensfy And ywhrare
el ectrode fingers 3a to 3n, and the IDT 4 has a plurality of electrode

fingers ' - : ; ' twérh sane
conos ¢+ gty el Seried Vit PG AbRA Ut DaP SARBE K1aTaIS eweun

e
expl ained with reference | DT_3. The electrpde. finger 0 . 3n,Ar
arrangeﬁaifr@fé@éfﬁéﬁﬁﬁ'%l'%“%q[%ﬁa%ﬁe@taﬁ%d'v € ?Bﬁg@aﬁqf%ﬁaﬁﬁobf?@%sﬁgﬁgge
acoustic wave. O these, the sub-I1DT portion 3A has electrode fingers 3a
to 3g, aBdatchanangetClopgrheosurdehasoustiecvavel@ropageien gheelwrsrand,ihehe
sub- 1DT portion 3A, the electrode fingers 3a, 3c, 3e, and 3g are

gLfg;g;&%JIMTCBM%E% HAA 415 2FOBRWNIRHS QRheBtddH seMés Irdsa Toambon ibais
bar 5 that is located between a pair of output terminals OUT.

The IDT 3 has a plurality of electrode fingers 3a to 3n, and the IDT 4 has a
plurality of electrode fingers 4a to 4n. Since the IDT 4 preferably has approximately
the same constitution as the IDT 3, the siructure of the IDTs 3 and 4 will be
expléined with reference to IDT 3.

The electrode fingers 3a to 3n are arranged in sequence along the direction
of propagation of the surface acoustic wave. Of these, the sub-1DT portion 3A has
electrode fingers 3a to 3g, and the sub-IDT portion 3B has electrode fingers 3h to
3n.

In the sub-IDT portion 3A, the electrode fingers 3a, 3¢, 3e, and 3g are
electrically connected to the common bus bar 5 that extends along the surface
acoustic wave propagation direction at the approximate center of the top surface 2¢
of the piezoelectric substrate 2. One end of each of the electrode fingers 3b, 3d, 3e
and 3f is electrically connected to a bus bar 3o0. The electrode fingers 3a, 3¢, 3e,

and 3g are arranged so as to interdigitale with the electrode fingers 3b, 3d, and 3f.

In the sub-IDT portion 313, ends of the electrode fingers 3h, 3j, 31, and 3n are



acoustic wave propagation direction at the approximte center of the top
surface 2c of the piezoelectric substrate 2. One end of each of the

el ectrode fingers 3b, 3d, 3e and 3f is electrically connected to a BdsSEBH4
30. The electrode fingers 3a, 3c, 3e, and 3g are arranged so as to
interdigitate with the electrode fingers 3b, 3d, and 3f. 1In the sub-1DT
portion 313, ends of the electrode fingers 3h, 3j, 31, and 3n are 9 2 7 S E

P 2004 mi@@ottﬁet&mwm s Hamdonanshdbe ieneiairddeeting st odlk,
fingers 31, 3k, and 3mare electrically connected to a bus bar 3p. Note

that the adjacent, outernost el ectrode fingers 4g and 4h of the sub-1DTs 4A
and 4B @& 3%@%@5%@&?&'%&%#%&‘0& EH% b@ggpfi ngers 3g and 3h of the

sub-1DTs 3A and 3B are electrically connected, respectively. The el ectrode
fingers 3a andtthatame aaljadett udé rmeqs rededtradeetiygexssig and 4hhef thaisubhDoms t he
remai ning el ectrode fingers 3b to 3n is about A/4, where k denotes a

wavel enﬂhrhﬁf 4&[}%{?%& %B@c‘é@ﬁ%uf&?%s& 1Nk ath s [HReamd 8RASI1BEIULCDTS

substrate er nor e space or gap between™t he outernost el ectrode
finger 48 of the sub-1DT portion, 4A and. the outernost el ectrode finger 4h
of the SRRNGFB F6e @lefiTicalysConfgied espd¥ehet ween the out er nost el ect r ode.

finger 3g of the sub-1DT portion 3A and the outernost electrode finger 3h
of the sub-| Dhepsetirode 3ihgersabd artb§n hayace svibtht akeppudireatedyjpét and the
el ectrode fingers are set at about Al4. That is, the space between the

sub-| Dﬁ@ﬁ‘_[ﬁﬁgmg?’l%rﬁé‘iﬂiﬁdgéle%ﬁﬁﬁé HRjereen id1ensubmditv4Avnand kidermnes set  at

about | stance between the edge 2a and the edge 2b is generally

sel wavelength of the SH-type wave that is excited on the piezoelectric substrate 2.

Furthermore, the space or gap between the outermost electrode finger 4g of the
sub-IDT portion 4A and the outermost electrode finger 4h of the sub-IDT portion
413, and the space between the outermost electrode. finger 3g of the sub-IDT
portion 3A and the outermost electrode finger 3h of the sub-IDT portion 3B, and ther
spaces between other adjacent electrode fingers are set at about M4. That is, the
space between the sub-IDTs 3A and 3B and the space between the sub-IDTs 4A
and 4B are set at about A/4.

The distance between the edge 2a and the edge 2b is generally set
approximately 16 be equal to an integral multiple of A/2.

In the SAW resonator filler 1, when an input voltage is applied to the bus bars
30 and 3p, SH-type waves are excited by the IDT 3 including the sub-1DT portions
3A and 3B. The excited SH-type waves are reflected by the edges 2a and 2b 10
form standing waves and generate resonance modes. OQutputs based on the
standing waves aré detected by the IDT 4 including the sub-IDT portions 4A and 4B

to also generate resonance modes. These resonance modes of the IDTs 3 and 4

10



approximately to be equal to an integral multiple of A/2. In the SAW
resonator filter 1, when an input voltage is applied to the bus bars 3o
and 3p, SHtype waves are excited by the IDT 3 including the sub-1D27SEP 2004
portions 3A and 3B. The excited SHtype waves are reflected by the edges
2a and 2b to form standi ng waves and generate resonance nodes. Qutputs
based on the standing waves are detected by the IDT 4 including the

sub- | DT apordouplsl ffyethdr, 4B opeorad s5 garersveesalg smnpiece SAitleesonbis ilter.
resonance rmdes of the IDIs 3 and 4 10 2 7 SEP 2004 are coupl ed toget her,

ext 1 act aer R R TRd ot BRRE S W R R o ek EleppRQe s, '3

af , 4i, 4k, and 4mof the IDT 4 are connected. In the SmNVresonator fllter
1 of prétiest dd 4nteod smrafshefD Heajreas@cied.nvention, the IDTs 3 and 4 are
preferably divided in two as descri bed above, and therefore the effective

el ectronmecham gake AW rEhrR6H filtes elmofl Srefiowed émpodinmeritbeo! eravereseonal
transversely coupl ed SAWresonator filter 61 (see Fig. 20), and

wth T EvErlRBo TR 5 S 87 Bﬁbérer@fa%%%&%@%@ i Baih SR8

transversely coupl ed SAWresonator filter shown in Fig. 20, and the
t r ansvethareioreolipl etlegive eianbimmenhanidad éJOUD|Iﬁ@dtﬂedf’Q1@fﬂt t Oé[‘fﬁrew@r’f'plnet
preferred enbodinents of the present invention, were nade using a

pi ezoel ééhﬁéﬁlwsﬁéﬁé\%rgéwbb@pl@@ SAWetht‘drr fiRec &1afsee oFig. 220mand 1
.0mm x 0.5 mm The nunber "of pairs of the electrode fingers of the IDT 63
and thecongeg’ug}%ﬁ/ the bandwidth can be made narrower. This will be explained with
reference to Fig. 2 and Fig. 3.
To compare, the conventional transversely coupled SAW resonator filter 61
shown in Fig. 20, and the transversely coupled SAW resonator filter 1 according 1o
an example of preferred embodiments of the:present invention, were made using a
piezoelectric substrate comprising a piezoelectric ceramic of 2.0mm x 1.0mm x 0.5
mm. The number of pairs of the electrode fingers of the IDT 63 and the IDT 3 was
34.5, the logarithm of the electrode fingers of the IDT 64 and the IDT 4 was 34.5,
and the aperture {overlapping length) of the electrode fingers in each case was
about 1.5 A |
Furthermore, various SAW resonator filters were made in which the number
of divisions of the IDTs 3 and 4 in the SAW resonator filter 1 was greater than 3.
In these SAW resonalor filters, the relationship between the number of

divisions of the iDTs 3 and 4, and the 10 d13 attenuation bandwidth {which is a ratio

expressed as the % of attenuation relative to the resonant frequency fr), and the
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34.5, the logarithmof the electrode fingers of the IDT 64 and the IDT 4

was 34.5, and the aperture (overlapping I ength) of the el ectrode fi?3§&§2%4
in each case was about 1.5 A Furthernore, various SAWresonator fi

were made in which the nunber of divisions of the IDIs 3 and 4 in the SAW
resonator filter 1 was greater than 3. In these SAWresonator filters, the
rel ati onship between the nunber of divisions of the IDIs 3 and 4 agqg t he
10 d13 iiirmenip detbesd e nbmbeniot Wivisions radi e BRPRIESIEES 2423 AELTE L
attenuation relative to the resonant frequency fr), and the 11 2 7 SEP

2004 relationshi p. b e ryﬁ f  indcli@gs and the insertion |oss,
was ev:h]%tr%ﬂjps %ﬁeaﬁ%@ﬁm Fs:@arEe S g'\r%hgfh I‘—Dl g. 29and Fig. 3, respectively.
As is clear fromFig. 2 and Fig. 3, the bandw.dth can be in
the transveAsdsglegifprediGReieddhat.dhe qnpgvggﬁ‘l W%W%%gﬁrﬁggf%%% 3
and 4. Furthernore, it can be seen that as bandw dth becones narrower, the
nunber ghncliXbRi WiupldESAReSesBuator nfite thaly whedinghaheulbes Sfavd visi ons
was increased from 4 to 5, insertion loss increased rapidly. Therefore, it

can be seen thale LS AUIDSLeqiindl UL -00RySHOULoREST Rl ARer, BRe muntitémota

range o _ avord“a Tapid increase in the insertion |oss.
o oo scase b o v carnB R S SRANSHES il rom

modi fications to the electrode structure. In the transversely coupled SAW
r esonat grfd li$enibn sbeyncigasedgapitlly.t he first

Therefore, it can be seen that the number of divisions shouid preferably be
within a range of 2 to 4 in order to avoid a rapid increase in the insertion loss.

Fig. 4 1o Fig. 7 are perspective views of the SAW resonator filter according 10
preferred embodiments of the present.invention with modifications to the electrode
structure.

in the transversely coupled SAW resonator filter 6 shown in Fig. 4, the first
and second IDTs 3 and 4 are each divided into two, but the way that the 1DTs are
divided differs from that of the SAW resonator filter of Fig. 1.

That is, in the SAW resonator filter 6, the first IDT 3 has sub-1DT portions 3A
and 3B, but while the first sub-1DT portion 3A has multiple electrode fingers 3a 10 3f,
the second sub-IDT portion 3B only has electrode fingers 3g 10 31. The electrode
fingers 3a to 3| are arranged in this sequence along the surface acoustic wave
propagation direction.

Ends of the electrode fingers 3a, 3¢, and 3e are connected to the common

bus bar 5, and the other ends of the electrode fingers 3b, 3d, and 3f are electrically

connected 1o a bus bar 7a. Moreover, the electrode finger 3f is electrically
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and second IDTs 3 and 4 are each divided into two, but the way that the
| DTs are divided differs fromthat of the SAWresonator filter of Fig. 1.
That is, in the SAWresonator filter 6, the first IDT 3 has sub-1DT 27 SEP 2004
portions 3A and 3B, but while the first sub-1DT portion 3A has multiple

el ectrode fingers 3a to 3f, the second sub-1DT portion 3B only has

el ectrode fingers 3g to 31. The electrode fingers 3a to 31 are arranged in

this seg&g@éﬁ%(glet%?%néggﬁ%r P ACHNAFOUS |bcatd@ eear phepegatam tlisr b8t i20ANGENds

of the a, 3c, and 3e are connected to the conmmbpn bus

bar 5, and the other ends of the electrode fin 3d, #ededh @ree
el ectri ealengs spsiantially paralebil “E)%rcof%mof\‘/b?lésoggf,%'t eateﬁgéct rode fi nger 3f

is electrically 12 2 7 SEP 2004 connected to a bus bar 7c, vvhit%h i s |ocated

near thgcQuARMIdYs 313§ conaactedasticadsissharstararicaineyolhsr &node e 5P ommon
bus bar 5. That is, one end of the electrode finger 3f is connected to the

bus bar _7a,_..and the her .e t,.0 1 ScRarend ©f Hemelavtiage fingéh&gsisb- | DT
portion7§B,S'Wﬂ@”)énH-' 3%’et§+éb[etﬁe rrﬁ%g :??’nger 3g is connected to the bus bar
7a, and the other end to the bus bar 7c.

On end, of, th e i fh@ers
3h, 3j, cende@bdatoetheohuebeeda @ng WesOhgr eng SN %H%eogﬁ?(:o?é'ﬁ%gﬁ é}l ect rode
fingers 31 and 3k are connected to the bus bar 7c. As a result of tﬂ{%

arr anger@?&m@fe ﬁ,lquergl B¢ L 3j06Rd 3] nge rconnebiedad awﬁtba)'uﬂér@ﬁfé_lonél P
fingers 31 and 39 of the sub-1DIs 3A and 3B and are electrically

connected. The el ectraode finge ' ghr 78T Aw st asnltdA thisve
t he san@?ecé%ﬁgﬂﬁﬁ 8gsaqdn§ﬂl%% é&ndér?tfé%ébpg%'@s:ndr& the bus bars 7b and

7d are provided . .
I%.rrangr—:'mem of the electrode fingers, the adjacent outermost electrode fingers 3t

and 3g of the sub-IDTs 3A and 3B and are electrically connected.

The electrode fingers 4a 1o 4l in the sub-iIDT portion 4A have the same
arrangement as the 1DT 8. In the IDTs3 and 4, the bus bars 7b and 7d are provided
on the side of the sub-iDT portions 3B and 4B, and the bus bars 7b and 7d are

electrically insulated from the common bus bar 5.

Fig. 5 is a perspective view of another modification of the transversely
coupled SAW resonator filter 1 wherein the first and second IDTs are divided into
two parts. Here, it has substantially the same electrode structure as the SAW

resonator fiter 6 of Fig. 4, but the common bus bar 5 does not extend between the

sub-IDT portions 3B and 4B.

As shown in Fig. 4 and Fig. 5, in the transversely coupled SAW resonator
filters according 1o preferred embodiments of the present invention, the structure of
the sub-IDTs maybe varied. In these cases also, since the IDTs 3 and 4 are divided,

the bandwidih can be made narrow as in the SAW resonator filter 1.
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on the side of the sub-IDT portions 3B and 4B, and the bus bars 7b and 7d
are electrically insulated fromthe common bus bar 5. Fig. 5is a

perspective view of another nodification of the transversely coupl ep] Wﬂm
resonator filter 1 wherein the first and second IDTs are divided into Two
parts. Here, it has substantially the sane el ectrode structure as the SAW
resonator filter 6 of Fig. 4, but the comon bus bar 5 does not exteBd

bet ween the \eWboVddT zoEhbwnsin3Bigar @BnulisstagewhAWV resenatar dN@r e P8, in
the transversely coupled SAWresonator filters according to preferred

enbodi nﬁ?&%{dﬁ%gg}@@fﬁ gréig;}éfigf%tf Ltr%?nﬁvéd%%_lg%ﬁlﬁlbw@/ﬂxw reddratGutitdrBTsn gaybe

vari ed. nce the 3 and 4 are divided, the

bandwi dt h can be nade narrow as in the SAWresonat or, fii I%er ,&W o%a?orSEP
2004 Mopieavelectis subrivaiei i, Bng. CaNesting IaeMslf iRy CERN + '8 faror’ 578 can
be fornmed by arranging a plurality of transversely coupl ed SAWresonat or

filtersspg & sﬁbﬁﬁqmﬁrg.tes,ia:fi@mlsﬂwa@sormm fiher pominact I AgrichersecPaAS/Bisel y.
In the SAWresonat or ilter 11 showmn in Fig. 6, a first SAWresonator

filter portion 1 A and VY ild £8ds P& dneM ddloBher e
pr ovi de&%@&%’eﬁt%M@W éqgggg@ a andb%[% OE Bitg‘aoegdelpi ezoel ectric substrate
12. Each of the SAWresonator filter portions 11 A and 11 B__have t sanme
ar r angepiEzoekesttit sulsHvateckd fza@y of tihletg*f'\“mi resongtey hier W{éﬂr,]s Meﬂléi\%hFB
resonator filter portions 11 A and 11 B are electrically connected b
connect gevd §86 saps hirBAgeAdnand thd SANdesbeator ditev érafdfig. tolipepdheAmW

resonator filter portions 11 A and 11 B are transversely connect ed.
resonator filter portions 11 A and 11 B are electrically connected by connected lead
portions 13 and 14, and the transversely coupled SAW resonator filter portions 11 A
and 11 B are transversely connected.

In this way, in the transversely coupled SAW resonator filter according 1o
preferred embodiments of the present invention, a SAW resonator filter having a
multiple-stage arrangement can be provided by connecting a plurality of transversely
coupled SAW resonator filter portions on a single piezoelectric substrate 12.

Further, Fig. 7 similarly shows a two-stage transversely connected resonator
fiter, in which two transversely coupled SAW resonalor filters are provided on a
single piezoelectric substrate. The SAW resonator filler 2 shown in Fig. 7 has an
arrangement such that two of the SAW resonator fiters 2 shown in Fig. 5 are
arranged substantially perpendicular to the direction of propagation of the surface
acoustic wave. The SAW resonator filter portions 21A and 21B are electrically
connected, and transversely connected, by connection lead portions 23 and 24.

Fig. 8 is a perspective view showing a longitudinally coupled SAW resonator

filter according to another preferred embodiment of the present invention.
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In this way, in the transversely coupled SAWresonator filter according to
preferred enbodi nents of the present invention, a SAWresonat or filtf5
having a multiple-stage arrangenent can be provided by connecting a SEP 2004
plurality of transversely coupled SAWresonator filter portions on a
singl e piezoelectric substrate 12. Further, Fig. 7 simlarly shows a
two- st age transversely connected resonator filter, in which two

transver sel yTﬁQL%AWre%g%[@smmtur if plovetes! by essprgomi sibstasmiadly rectaggelar
pi ezoel ectric substrate. The SAWresonator filter 2 shown in Fig. 7 has an

a”a”gf&ggt@@%‘ég,&o%y al {éi‘éﬁzgf'%glgge?@w& ?coﬁ%”\%s‘?{aﬁé i git%rﬁre?eréhmabé Fitge 5

are rcul ar rection of propagation

of the surface acoustic wave. The SAWresonator fil te(rbe@t%oif“’t itong %%éignd
21B ar esg@heaheicrial by the pinresiantric awestaigwdy SIBERIY. doR REAOSLECUIN S5 t i on
| ead portions 23 and 24. Fig. 8 is a perspective view show ng a

| ongi t ugdinall esnabpr Fufthkt, girstaa sdcond {DT 8ISt 3wt 3pradeer r ed
enbodi ng%{h%gfggé%fﬁé %ggﬁté\éi@%vintion. 14 2 7 SEP 2004 The SAWresonat or

filler 31 is provided b Si a bst.ant i a gz08d asliri
subst raD@\KEEJ)‘PHeThBﬂQE%Fé&?P&? Qﬁﬁ'@t é'ggéé@lﬁlr?éé%%ggygf ;rhﬁgo?g%of t he
same material as the piezoelectric substrate 21. Sim]arl % t he
pi ezoel 8atare prelevablyatetined byhpatiapipes MetaldEsSuPLRAAYMIYY Furt her, first
and second I DTs 33 and 34 are provided on the top surface 32c of the

pi ezoel ectri erh\%“ﬂ?*rré‘:? epdieh HREnkDTS i3 aplv @4oaamrphas enabibie eEctineg by
al fil’ '

patterning a net msuch as aluninum The |DT 33, which defines a first
Shet aonaers A3 1 B AL Gor taRy, fPentuto W Srecrberd
propagation of the surface acoustic wave, and is divided into two sub-1DT portions
33A and 33B. That is, the sub-IDT portion 33A has electrode fingers 33a to 33e, and
the sub-1DT portion 33B has the electrode fingers 331 1o 33].
in the sub-IDT portion 33A, ends of the electrode fingers 83a, 33c, and 3e
are electrically connecied to a common bus bar 33 that extends along the surtace
acoustic wave propagation direction. On the other hand, the electrode fingers 33b
and 33d are connected to a bus bar 31. Therefore, the electrode fingers 33a, 33C
and 33e are arranged so that they are interdigitated with the electrode fingers 33b
and 33d.
In the sub-IDT portion 33B, ends ot the electrode fingers 33f, 33h and 33) are
connected 1o the bus bar 33k. Furthermore, ends of the electrode fingers 33g and
33i are electrically connected to a bus bar 33m. Therefore, the electrode fingers 331,

33h and 33j are arranged so as 1o be interdigitated with the electrode fingers 33g

and 33i.
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propagation of the surface acoustic wave, and is divided into two sub-1DT
portions 33A and 33B. That is, the sub-IDT portion 33A has electrodi
fingers 33a to 33e, and the sub-1DT portion 33B has the el ectrode Hlﬂﬁﬁ%HM4
33f to 33). In the sub-IDT portion 33A, ends of the electrode fingers 33a,
33c, and 3e are electrically connected to a conmon bus bar 33 that extends
al ong the surface acoustic wave propagation direction. On the other, hand,
the el ectrodgsfd naanscfiBle cameécisd, suteRTnBBAtaw BB arbuwnbgcteghin seres
Therefore, the electrode fingers 33a, 33c and 33e are arranged so that

they are interdigitated with h RASTS 1h3Rurfans a2ddsiid wavee
sub- | DTOBYYRE0A @@B,Otfé%\g l@{ﬂ'{ﬁrﬂazs EIIL]:%H %ﬂgn%(? ngergz 55t '33h ‘and 33j are
connected to the bus bar 33k. Furthernore, ends of the electrode fingers

33g andpr@figative dilestoni cal |y connected to a bus bar 33m Therefore, the
el ectrode fingers 331, 33h and 33] are arranged so as to be interdigitated

with the ele fré adrdided dnd theSrid 8dgOAetiAsd dyribe wdgeof
t he connectigh?qgggt-rdfd[}#ghé%ﬁgg%d E%B are co%nect ed ingé;eri es between a

P opagaBPBRAE riBe: 1dnsuTREe hate: PBRES Aot el ABPr A RER AR e, g
edge defined by the edge 32a and the top surface_32c, .and s a wi.dth of
appr oxi waiveleng Sfviherexdiled swriatecagRustisl weKe 'é)@ei_ﬁr@d“’é‘ﬁp’f %{:]@"eaf%ﬂ%’ﬂn@ wave
is A The width of the remaining electrode fingers 33b to 33i is
appr oxi gRl&lodeArtherE Wsbher M€ apbhsimb i Aef. Furthegapse, the width of the-gaps
extending along the surface acoustic wave propagation direction between the
electrode fingers is approximately M4, That is, the space between the sub-1DTs 33A
and 33B is set at about M4,

The IDT 34 defining the second resonator is provided along the surtace
acoustic wave propagation direction with respect to the DT 33. Like the IDT 33, the
IDT 34 has two sub-1DT portions 34A and 34B. The sub-IDT.portion 34A is provided
on the side of the IDT 33, and has electrode fingers 34a to 34e. The sub-IDT portion
B has electrode fingers 341 to 34j.

In the sub-1DT porlion 34A, ends of the electrode fingers 34a, 34c and 34e
are connected to a bus bar 34k. On the other hand, ends of the electrode fingers
34b and 34d are connected to a bus bar 34¢, on the opposite side of the bus bar
34k. Similarly, in the sub-IDT ponion 34B, ends of the electrode fingers 341, 34h and
34j are connected to a bus bar 34k, and ends of the electrode fingers 34g and 34i
are connected to the bus bar 34m.

In the sub-IDT portion 34A, the electrode fingers 34a, 34c and 34e are

arranged so as 1o be interdigitated with the electrode fingers 34b and 34d. In the
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extending al ong the surface acoustic wave propagation direction between the
el ectrode fingers is approximately A/4. That is, the space between é&e
sub-1DTs 33A and 33B is set at about A/4. The IDT 34 defining the o fefi 2004
resonator is provided along the surface acoustic wave propagation
direction with respect to the IDT 33. Like the IDT 33, the IDT 34 has two
sub-1 DT portions 34A and 34B. The sub-1DT. portion 34A is provided on the

side offh dyhasicetreat iingerd sagenn Hvpa4j@ra4eanfed subs tare
portionsatg%—g?-gﬁcta?gdg fi r?gerrs 34% to ggj . In the sub-1DT portion 34A,

ends of the electrode fingers, 34a, 34c and e are connected to a bus bar
34k. Onintergigigtd Wiaibe eé%ago%ﬂ@gf’éséé@cqr}dogéfi ngers 34b and 34d are

connected to a bus bar 34e, on the opposite side of the bus bar, 34Kk.
Simlarly, ipastheesittofltBE qaomnieiction 33Lk-i[Ehel§48fanchedB|ase tGopheCEoNgSEEIe8 41 |
34h and 34] are connected to a bus bar 34k, and ends of the el ectrode

{1 nger s, Sk i, & SuSAANEEHAAsOOUTE Bp BRInedmiong: thee dirubid DT

portion i ngers 34a, 34c and "34e are arranged so as to
be interdigitated with the electrode fingers 34b and 34d. In the 16 2 7 S E
P 2004 puipagdiiopsr thefudase acAESYS WeY8ode fingers 34f, 34h and 34j are
arranged so as to be interdigitated with the electrode fingers 349 and
34i . As a resyuhhenftheheutepmoet sidenclestrode DNgeBA4) an @ravded ralord ARRA08E in

series between-a pair of output termnals OUT and aligned al ong the

directigngoly b@rt?lga&?dé 98hUnd e RIY EG48EcR 80K T ithe \WR¥Selectric substrate 32.
This electrode finger 34i has a width of approximéiely X/8, similar to the electrode
finger 33a. Further, the width of the remaining electrode fingers 34a 10 34i, and the
width of the gaps extending along the surface acoustic wave propagation direction
between the electrode fingers, is approximately M4. That is, the space between. the
sub-1DTs 34A and 34B is about M4. In addition; the space between the IDT33:and
the IDT 34 is about A/4.

In the longitudinally coupled SAW resonator fiter 31 of the present preferred
embodiment, the above-mentioned IDTs 33 and 34 are provided between the two
opposite edges 32a and 32b, thereby defining an edge reflection type SAW
resonator filter. During operation, SH-type surface acoustic waves, for instance BGS
waves or Love waves, are excited and resonance modes created by the resonalors
inciuding the IDTs 33 and 34 are coupled, whereby the filter operates as a
longitudinally coupled SAW resonator filter.

According to the SAW resonator fitter 31 of the present preferred

embodiment, in the edge reflection type SAW resonator filter having the IDTs 33

and 34 as described above, since each of the 1DTs 33 and 34 is divided so as to

17



Further, the outernost side electrode finger 34 is provided al ong the edge
defined by the edge 32b and the top surface 32c of the piezoelectric?7SEP 2004
substrate 32. This electrode finger 341 has a width of approxi mately X18,
simlar to the electrode finger 33a. Further, the wdth of the remaining

el ectrode fingers 34a to 34i, and the wdth of the gaps extendi ng al ong

the surface acoustic wave propagation direction between the el ectrod
fingersphave epbrDNi nEirkdys AAZA ahdt 338, Bhe sphdeTbhdorkens IHe ag%Bﬂ@Ts
34A and 34,B is about Al4. In addition, the space between the |DT33 and

the 1DT._ 34 j.s.ab | t i : A .
i Ter e e B Be D P e e onen | BT 33

and 34 are provided between the two  opposite edges. 32a and,.32b._{hereby
def i ni ngharefeuyetheefreauenendifigsanceand’ Qedwrgh dgefﬁﬂ‘t'ﬁs.oné{]fif rﬁé“BB@?%@on,

SH-type surface acoustic waves, for instance BGS waves or Love waves, are

exci t edyandesMsananeguemeest eaehat edity twbeaesesatas are bithcnediligedteed.DTs
33 and 34 are coupled, whereby the filter operates as a longitudinally

| ed .SAW t 0. i ; . ‘
PSSR ERLP2in M GBBIASEY Eh0R ek OAEcpearny il b o

resonator filter having the IDITs 33 and 34 as descri Qed.a@g@ve singglgaleach
of the bDDie B® serbrEAOISs thi bandwidld cag begnade FaTeMSIIRa" LK SUB™

portions 33A and 33B, and sub-1DT portions 34A and 34B respectively, the

ef f ecti yshplugridIgMeshpridC SIAWOtgddnagore ditef il ehbwins iméﬁged&dThiSTWHE/éleor e,

the frequéncy differences Af between the anti-resonant frequency and
explained based on a detailed test example.

As shown in Fig. 19, a conventional SAW resonator filter 51 having a center
frequency of 41.3 MHz was made using a substantially rectangular piezoelectric
substrate including ceramié material and-having dimensions of 2.1 mm x 1.2mm with
a thickness of 0.5 mm, as the piezoelectric substrate 52, the logari{hms of the
electrode fingers of the IDTs 53 and 54 being, respectively 20 pairs and 15 pairs,
and the width of the intersections of the electrode fingers being 4 A in each case.
Fig. 16 shows the frequency amplitude characteristics of this SAW resonator filter
51.

For comparison, a SAW resonator filter 31 of the present preierred
embodiment with a center frequency of 41.3 MHz was made using the same
piezoelectric substrate as above, the logarithms of the electrode fingers of the IDTs
33 and 34 being, respectively 20 pairs and 15 pairs, the width of the intersections of

the electrode fingers being 4 k in each case, but the IDTs 33 and 34 being divided

into two as shown in Fig. 8. Fig. 11 shows the attenuation frequency characteristics

of the SAW resonator filter 31.
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t he resonant frequency of each of the two resonators are both greatly
reduced. Consequently, with the longitudinally coupled resonator fi t7eSEP 7004
created by the coupling of the two resonators, the bandw dth can be nade
narrower than in the conventional |[|ongitudinally coupled SAWresonat or
filter 51 shown in Fig. 19. This will be explained based on a detail ed

test exanple. As shown in Fig. 19, a conventional SAWresonat 3; fi{bt%r 51
havi ng a ceniethe thaqeterisiicefol 4he SR regesatpiddienSings NSRBI 1Py e
rectangul ar piezoelectric substrate including ceramic material and having

di mensi gnsy ok 1Re ks BB dterkidBM Yhddwherd e knessaitn rbummis 3<iB hes 1170

pi ezoel ectric substrate 52, the logarithns of the electrode fingers of the
| DTs 53 and 54 being, respectiyely 20 pairs and. 15 ' ,dt h of
t he i nt kFgedut okl 168 presest e@?)l%%d f?rﬁﬁeﬁj@% g Wfsza}.ia:'i%%ecﬁr}ga?gs i'g. 10
shows the frequency anplitude characteristics of this SAWresonator filter

51. For Thergerd, siorcara bBA¥¢ersbanteacofding do B SAWhesenaksnbligyr 31 &fr big
enbodi ment with a center frequency of 41.3 MHz was nmade using the sane

pi ezoel Ef%?lg‘? @ﬁ%@f%@@ﬁ@%%&%d@@ﬁ ist faRowRér tHe Rl Bt coslentiongler s

of the I'ng, respectively 20 pairs and 15 pairs, the
being 4 k in each

Case, HUAWRESIINGT 15ef AN BEFRY VA |3 71 8 P a5 Shown i1 Fig. 6.
Fig. 11 shows the attenuation frequency characteristics of the SAW
resonator fi Figero &a p8spedtive Her omMinpre tangitodimedy eupiad S4Vérestnatgaw
resonator filter 51 as shown in Fig. 10, the
filter according to another preferred embodiment of the present invention. In the
SAW resonator filter 41 of Fig. 9, a substantially rectangular piezoelectric substrate
42 has opposing edges 42a and 42b. The piezoelectric substrate 42 includes the
same material as the piezoelectric substrate 2 of Fig. 1. First and second IDTs 43
and 44 are provided on the top surface 42c of the piezoelectric substrate 42 along
the surface acoustic wave propagation direction.
The SAW resonator filter 41 of the present preferred embodiment differs from
the SAW resonator filter 31 of Fig. 8 in that the first and second IDTs 43 and 44
each have three sub-IDT portions 43A to 43C, and 44A 1o 44C, which are
connected in series, respectively.
That is, taking the IDT 43 as an example, the 1DT 43 has electrode fingers
43a 1o 431 extending substantially perpendicular to the direction of propagation of
the surface acoustic wave, but the sub-IDT portion 43A has electrode fingers 43a 10

43d, the sub-IDT portion 43B has electrode fingers 43e to 43h, and the sub-IDT

portion 43C has electrode fingers 43i 10 431.
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wi dth of the 3 dB attenuation band where the attenuation anmount is 3 dB was
1170 KkHz, but in the present preferred enbodinent, it was narrowed %psgsqum
kHz. Therefore, it can be seen that according to the SAWresonator filter
31 of the present preferred enbodi nent, the bandwidth is narrower than in
the conventional SAWresonator filter 51 which uses undivided I DTs 53 and

54. Fig. 9 is a perspective view show ng a | ongitudj nal coupl ed .
resonator filheewidie &g REAWIntRGR 457 & @PPgQi"rEﬁ{?(%i){/r%n n%?nq ﬁvéé(ﬁ\r/}éfsent
invention. In the SAWresonator filter 41 of Fig. 9, a substantially

r ect angwharePafieg!@edifdde sngsis asle 10423 haspgpprisiagyeiges uleraoe 428. The
pi ezoel ectric subStrate 42 includes the sane material as the piezoelectric

op.sur PaRE Gkecfannexridie A PRSI e doy Bud b S Radiomn (he

acoustic wave propagation direction. The SAWresonator filter 41 of the
pr esent bptwéen taielestiode fogersistanareximaialy ¥he SAWresonator filter 31 of
Fig. 8 in that the first and second |IDTs 43 and 44 each have three sub-1DT

portions 43AThe UBCsaant 4bArbaec 4hGers\bis o ang arabiketietDT A3skhaedhree
respectively. That is, taking the I'DT 43 as an exanple, the | DT 43 has

“el ectrode, finger 4 tao 4 extendi ng substantially perpendicular to the
directi §Hb3bq‘g{?%@85§'§lﬁé\1l%o fé‘t he surface acoustic wave, but the sub-IDT

portion 43A has el ectrode fingers 43a to 43d, th ub-| DT portj on B has
el ectrode fi hydhe IB3e44.dhaziectode fingersdd-i ['é‘TOV'Bﬁgt?ﬁ%'PB H?Ceﬁﬁg 01(9%386r de
fingers 43i to 431. 19 27 SEP2004
the edge 42b and the top surface 42¢, has a width of approximately M8, and the
remaining electrode fingers 44a to 44k have a width of approximately 4.

As described above, in the SAW resonator filter 41, the IDTs 43 and 44 each
define SAW resonators, and the 1DTs 43 and 44 are divided so as to have three
sublDT portions 43A to 43C, and 44A to 44C. Consequently, the effective
electromechanical coupling coefficient can be reduced even further than in the SAW
resonator filter 31 of the previously described preferred embodiment, thus further
narrowing the bandwidth. This will be explained based on a detailed test example.

Fig. 12 shows frequency amplitude characteristics of the SAW resonator filter
41 made in the same way as the SAW resonator filter 31 in the preceding
experimental example, characteristics of which are shown, respectively in Fig. 10
and Fig. 11 above, with the exception that the IDTs 43 and 44 are divided into three
so as to have sub-IDT portions 43A 1o 43C, and 44A to 44C, as described above.

As is clear from a comparison of Fig. 12 with Figs. 10 and 11, by dividing the IDTs

43 and 44 into three portions, the bandwidth can be narrowed even further.
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The width of the electrode finger 43a is approxi mately X18, and the width

of the remaining electrode fingers 43b to 431 is approximately X/ 4. 27 SEP 2004
Furthernore, the w dth of the gaps extending along the surface acoustic
wave propagation direction between the electrode fingers is approximately
Al4. The I DT 44 has electrode fingers 44a to 441, and like the IDT 43 it

has three sub-IDT portions 44A to 44C. In the IDT 44, the, el ectraode finger
441 is proviBedhaiong,t the dugnidest iohethebypreserd swgatiaDbmMade 1HOUGHaY f ace
42c, has a width of approximately Al18, and the renaining electrode fingers

44a to 4 v | iROR QX ¥irdY 4nd Aucdrg driTeedeabainided intohe
SAWres%?ﬁug?lé(;@ %ﬁ“?\{ 3%961[%18{ ﬁg@r%D%bg&%d”% eachC defi ne SAWresonators,

and the | DTs 43 and 44 are djvided s 0 have three. T, kons 43A
o 430 fouhcanst AvEopaderScoEHER Jerthal &t ABie: Ver e Ib rbReahard o
coupling coefficient can be reduced even further than in the SAW resonator
filter %mﬁet, hendresduset ihdeequdrery prrefibrdee ¢harasderisiient Theni@sulterdrRer
narrowi ng the bandwi dth. This will be explained based on a detail ed test

exanpl e,, Fi g. reguency anplitude characteristics of the SAW
r esonat %rpo"?"igl'q Er?g ?3%\?@&%@ s

_ _ in the same way as the SAWresonator filter 31 in

FoSpect | vel yABSHIGR B Compaety 1o 1 5 860d a0 ¥ e G bRTTORY Rt 1 o
| DTs 43 and 44 are divided into three so as to have sub-IDT portions 43A
to 43C, pegshib4h dmaibidh easn tesomerdinabiowipcreasing thecheabef PRV @Wpari son
of Fig. 12 with Figs. 10 and 11, by dividing the IDITs 43 and 44 into three
portions, thg hapdwdt heCabuRe SIRFIKOWRAILFR) fairidiius 8BW resonator filters

having different numbers of IDT divisions were made, and the relationship between

the number of divisions, the 10 dB attenuation bandwidth, and the insertion loss,

were determined. The results are shown in Fig. 15 and Fig. 16. Furthermore, the

relationship between the number of divisions, the electromechanical coupling

coeflicient, and the frequency ditference Af between the resonant frequency and the

anti-resonant frequency, determined from the resonance characteristics .of the IDT

on one side of the resonator filter, was determined. The resulis are shown in Fig. 17

and Fig. 18.

As is clear from Figs. 15 to 18, the width of the 10 dB attenuation band
becomes narrower as the number of divisions of the IDT increases, making it
possible to narrow the bandwidth. However, it can be seen that insertion loss
increases as the number of division increases. In particular, when the number of

divisions is increased from four to five, the insertion loss is increased rapidly as seen

in Fig. 16.
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2 7S EP 2004 Furthernore, the inventors of the present invention nade

| ongi tudinally coupled SAWresonator filters where the first and se@dh$EP 2004
| DTs were divided into four and five portions, while being identical in

ot her respects to the above test exanple, and neasured the frequency
anplitude characteristics. The results are shown in Fig 13 and Fig. 14. As
Is clear by conparing Fig. 13 and Fig. 14 with Fig. 11 and Fig. .1 L, 1S
possi bl e t 0 Phéaiioreawiesreformang areeddranefldsyionrigpe @@Jdﬂrﬁélynref?%ﬁé?dz §fA\)V
divisions. Considering the results of Fig. 12 to Fig. 14, various SAW

resonator_filters havi 1j THERRY hyingepotdwiengwidee and
the rel %ﬁﬁ%ﬁ@ﬁﬁ%é@:@%m{ feee%%eer of g?\@ieg?-sﬁ&?he 10 dB attenuation

bandwi dt h, and the insertion |oss, were determ ned. T. ts hown
in Fig. firss amddsecend 187s rhauid Mrelesably e Wﬂ‘blrh?i 'ShSHi %ﬁﬁ”e‘ﬁ &égh""?ﬁ@éﬁu er

of divisions, the el ectronechanical coupling coefficient, and the

frequenéwc\fdiinpf e ENsmadidhetoveen vdne masomanbild requenag and ingigase in the
anti-resonant frequency, determi ned fromthe resonance characteristics. of

the | DT, O:&??OHF side of the resonator filter, was determ ned. The results
are sholi¥eTYPHAYS- 17 and Fig. 18. As is clear fromFigs. 15 to 18, the

O e e e mhet b oo R ROTES BB 455 yhDGy S, EREtroRlc

bandwi dt h. However, it can be seen that insertion |oss increases as the

number  ghnfhoriehitd iy idesicasetizing apsurfdceubesystisheave &enimbercihihe ¢MiAYS ons

Is increased fromfour to five, the insertion loss is increased rapidly as

seen | Peaﬁiu%s 106f preterred embodiments of the present invention are successfully
employed. For example, the present invention may be applied to a duplexer and
communication apparatus including the duplexer.

Fig. 21 is a block diagram of a communication apparatus 80 having a
duplexer 70. The communication .apparatus 80 may be, for example, a cellular
phone since a cellular phone usually requires a small handy body and a high
selectivity of signals and so is suitable 1o enjoy the benefits of a filter made
according to the present invention.

The communication apparatus 80 includes a duplexer 70, an antenna 81, a
receiver 82 and a transmitter 83. The duplexer 70 preferably includes a SAW filter
71 and a SAW filter 72, where one end of the SAW filter 71 and the SAW filter 72
are connected in parallel to define a first terminal 73. The other ends of the SAW
filter 71 and the SAW fiter 72 are connected to a second terminal 74 and a third

terminal 75. The SAW filter 71 and the SAW filter 72 may be any one of the SAW

filters of preferred embodiments of the present invention. The antenna 81, the
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21 2 7 SEP 2004 Therefore, when form ng an edge reflection type

| ongitudinally coupled SAW resonator filter using SHtype surface agpwgtpqm4
waves, the number of divisions of the first and second ID T s shou
preferably be within a range of two to four, thereby allow ng the

bandwi dth to be very narrow while preventing an increase in the insertion

| oss. The present invention can be suitably applied to various electronic
conponep&ifir Se%he ake ansiTiiteos3 ars uohaesteddoist ficstwaraingl 8 ethei $e6aRMAch

the unique features of preferred enbodi nents of the present invention are

successful |. | gy.ed,, .For e i nvention may be applied
to a dufﬁr&éé‘fﬁ J’;‘ggn‘%%%?ﬁggﬁon onﬁébg{%nges‘%gﬁgdi ng the duplexer. Fig. 21
is a block diagram of a conmuni cation apparatus 80 h@”é}? a dueolﬁxe d70.
The communi cEheqrassdpands oisthedSAWY filkrs Foandiany 18e AURIerS AGATe BHERE si nce
a cellular phone usually requires a small handy body and a high

sel ect i W|,by ypft RORHaTs Aothived irfoagh tabhetehnae pysddsetnbarglf thesSAW &lter | t er
made according to e present invention. The conmuni cation apparatus 80

The duprdid s plaked ui Per i 22 agybiif e Sbods 855, FafGiR fofy %
where one end of the SAWfilter 71 and the SAWfilter 72 are connected in

par al | ethe tadsfriitter 88 passas theougtile AW ikr ©&-her ends of the SAW filter
71 and the SAWTfilter 72 are connected to a second termnal 74 and a third

termnal 75. e BVl EhiGH had bees drecSaNy BhbivarartRdesgrites ailly refieeersie t he
SAW
to preferred embodiments thereot, it will be understood by those skilled in the art
that the foregoing and other changes in form' and details may be made therein

without departing from the spirit and scope of the invention.
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filters of preferred enbodi nents of the present invention. The antenna 81,
the 22 2 7 S E P 2004 receiver 82 and the transmtter 83 are connect qd] %EP p]m
the first termnal 73, the second termnal 74 and the third term nal

t he dupl exer 70. The pass bands of the SAWfilters 71 and 72 of the dupl exe
r 70 are selected such that the signals received through the antenna 81
passes through the SAWfilter 71 and are bl ocked by the SAWfilter 72 and
that the sigWaHaTt!G GeAtMERI® tted from the transmtter 83 passes through
the SAWfilter 72. Wile the invention has been particularly shown and
described with refe er diments thereof, it will be
under st ood bﬁ/ tho&e f?%%i‘%‘ﬁrﬁiﬁeé @?ﬁpﬁmt the foregoi ng and ot her
changes in form and det ails may be nade therein wthout departing from
the spirit aadiszogecuic substriat@emd on. 23 2 7 S E P 2004 WHAT IS CLAI MED
IS: 1. A SAWresonator filter conprising: a piezoelectric substrate; and

first and segaj dﬁ@%@ﬁé‘ﬁ@rréscﬂfdtéﬁg%a@gbd bA tReaFeLoSeticosubidhste, ahe, firthe

first and second resonators I ncluding first and second interdi gltal

Second AndeRd SpsaraRsutpanadrer sphSRi e tiol S elfs e Fla for

and wherein the first and second interdigital transducers are divided into
a pl ur ablegyroat Bndersntesyictvelyl wheseis dbe dirstpand isepend interdigital transducers

are acoustically coupled to form a filter, and wherein the first and second interdigital
transducers are divided into a plurality of sub-interdigital transducer portions,
respectively, and the first and second resonators are arranged on the piezoelectric
substraie to generate shear horizontal waves that are reflected by edges of the

piezoelectric substrate.

2. The SAW resonator filter according 1o claim 1, wherein the interdigital

transducers are longitudinally coupled.

3. The SAW resonator filter according to claim 1, wherein the interdigital

transducers are transversely coupled.

4, The SAW resonator filter according to claim 1, wherein the interdigital
transducer that is divided into the plurality of sub-interdigital transducers is divided
such that a first of the sub-interdigital transducer portions has a different amount of

electrode fingers than a second of the sub-interdigital transducer portions.
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respectively, and the first and second resonators are arranged on the

pi ezoel ectric substrate to generate shear horizontal waves that ar&ﬁ1 P 700
reflected by edges of the piezoelectric substrate. 2. The SAWreso Zé’z 4
filter according to claim1l1, wherein the interdigital transducers are

| ongi tudi nally coupled. 3. The SAWresonator filter according to claima1,
wherein the interdigital transducers are transversely coupled. 4. The SAW
resonator fibter AbedBAiMEswmatdrdiier Beoardingitn daie | nweptkgithalinterdigiadlqucer
that is divided into the plurality of sub-interdigital transducers is

divvi deds,o UGl Nitar bl BRAR] ibBeyuphirBig! of dLbahterdignaidiAEipeesi cae has
a different anmount o el ectrode fingers than a second of the
sub-interdigital transducer portiopns. 24 2 7 S E P 2004 5. The SAW

r esonat @ivided seeh dBab iRy @fgmﬁ &H “'ﬁt,er‘iﬁﬁ?'e?rﬁ”?wéc‘?rﬁt%Q%PBFP%?S & PANEducer
that are divided into the plurality of sub-interdigital transducers are

di vi dedggidrint bhalecerobierfsigessd as kesexobdioftiee dubiinmirdigitaiisanagscer Portiansas has
a same amount of electrode fingers as a second of the sub-interdigital
transducer portions. 6. The SAWresonator filter according to claim1,
wherein the first and second interdigital transducers are divided such
that the first and second interdigjtal transducers have between,. 0
four sub-int6rdlidheaPAVY dRSeRRIET %k%rr aeerding fe SRy ity ¥npre! \Aﬁﬁg&w
resonator filter according to claim1, wherein the plurality of L

sub- i nt seebrgl rabrdigitanethsdacsrsaare dividedrduchlthpt tentirst aed secosdrintesdigitahi n
the first and

transducers have between iwo to four sub-interdligital transducer portions,

respectively.

7. The SAW resonator filter according 1o claim 1, wherein the plurality of
sub-interdigital-transducers are electrically connected in series within the first and

second interdigital transducers, respectively.

8. The SAW resonator filter according to claim 7, wherein at least one of
the first and second interdigital transducers comprises a common bus bar that

electrically connects in series the plurality of sub-interdigital transducers.

9. The SAW resonalor filter according to claim 1, wherein the first and
second interdigital transducers comprise a common bus bar that is located between

the plurality of sub-interdigital transducers.
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second interdigital transducers, respectively. 8 The SAWresonator filter
according to claim7, wherein at |least one of the first and second
interdigital transducers conprises a common bus bar that electri caIﬂZ/SEF 1004
connects in series the plurality of sub-interdigital transducers. 9. The
SAWresonator filter according to claiml1, wherein the first and second

interdigital transducers conprise a common bus bar that is |ocated. between
the plurality0of Siie iSAWrwisgneklr filiesrragaeding . 1o2gaim 71, JURNEr SeEWNSHI Fhe
SAWresonator filter according to claim1l, further conprising a filter

havi ng ﬁt%?lhrég\ﬁlﬁ tragpgleganlgyt/ %ggﬁagg‘é’?%@iré]n%ﬁ b 2AInORBgBIATee dftet MelUdestibe

i ncl udes seco resonators. 11, The SAWresonator filter
according to claim1, wherein the first and second interdigital

t r ansdulisst and e CcaNEARGRIERS t he pi ezoel ectric substrate in a direction
that is substantially perpendicular to a direction of propagation of a
surface acoustic wave. 12. The SAWresonator filter according to claim1l,
wherein the first and second interdigital transducers are arranged on the

pi ezoel ectri S“b%rgffsﬁv{/%é%néw ﬁﬁé? %Bcéuﬂfﬂg[ h$ RS Y anepéinvihgatiat ket to a

direction of?a)'ropag on o surface acoustic wave. 13. The SAWresonat or

filter according to claim1l1, wherein the piezpelectric subst has
opposi ngegands tintgrdigdal HRASAUeR'S, ar&né”ﬂﬁ@?@i%ntztﬁ@ p'@F@%‘FP@'&eg?ﬁ‘%é%?s%oP t he
first and second interdigital transducers are substantially

direction that is substantially perpendicular to a direction of propagation of a surface

acoustic wave.

12.  The SAW resonator filter according to claim 1, wherein the first and
second interdigital transducers are arranged on the piezoelectric substrate in a
direction that is substantially paralle! to a direction of propagation of a surface

acoustic wave.

13. The SAW resonator fiter according 1o claim 1, wherein the
piezoelectric substrate has opposing first and second edges, and wherein the
electrode fingers of the first and second interdigital transducers are substantially

parallei 10 the first and second edges.

14. A communication apparatus having a duplexer, wherein the duplexer

comprises:

a piezoelectric substrate; and
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parallel to the first and second edges. 14. A communi cati on appar at us

havi ng a dupl exer, wherein the duplexer conprises: a piezoelectric P 2004
substrate; and 26 27 SEP2004 first and second resonators arranged on”l’?g

pi ezoel ectric substrate, the first and second resonators including first
and second interdigital transducers having electrode fingers,

respectively, wherein the first and second interdi ?i tal transdu erfs are
acoust i cal | Viirspbapbetcoadiresonalofs arangethar thieiegorTadiie subalfalgnthedigbng
interdigital transducers are divided into a plurality of sub-interdigital

tr anwu%%%ﬁ@f(ﬁﬁ& POSsnatbRSREGHINEH% afddetdivd itemligirntrapedooersresampt or s ar e

arrange e piezoelectric “substrate to generate shear horizontal waves

t hat flected by edges of the . piezoel ectyi :
Communi GBCHoRe APBES BSPEANENHIIE E5 BE AT shel, “SaRIP T TE P! ARSI ER o

transducers are coupled at |east one of longitudinally and transvg_r se{y.
16. Theggomgpittieally @auF@uaoaom aditteoratichyheteio the first Andgraoadinteidontal st
and second interdigital transducers are divided such that the first and

second , | 55‘%&;%";?:agg'diJiéé‘ﬁ‘WH%eﬁiﬁﬁgf,*ﬁyﬁfﬁ%f‘ﬁﬁ%iéiw“bﬂsagw’ serionst er di gi t al

transdut'® S, respective conmmuni cati on appar at us

according to claim 14, wherein the lurality of sub-j] i€l :
t r ansdutaspegtivelyoasd é’i’%f'éﬂ‘@@f’rﬁe@&f“jigﬁmga %r& ‘fi’rﬁa@@?{# Qé%g\/ipt zltof#l%qﬁrelcf irst
and second interdigital transducers, respectively.

substrate to generate shear horizontal waves that are reflected by edges of the

piezoelectric substrate.

15 The communication apparatus according to claim 14, wherein the

interdigital transducers are coupled at least one of longitudinally and transversely.

16. The communication apparatus according to claim 14, wherein the first
and second interdigital transducers are divided such that the first and second

interdigital transducers have between two 10 four sub-interdigital iransducer

portions, respectively.

17. The communication apparatus according to claim 14, wherein the
plurality of sub-interdigital transducer portions are electrically connected in series

within the first and second interdigital transducers, respectively.
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27 2 7 S E P 2004 18. The communi cati on apparatus‘ﬁécording to claim14,
further conprising a filter having a plurality of stages, wherein at |east
one stage of the filter includes the first and second resonators.:yﬁs 2004
SAWresonator filter conprising: a piezoelectric substrate; and resonators
arranged on the piezoelectric substrate, the resonators including a
plurality of interdigital transducers having el ectrode fingers, wherein the

i nterdigital r18t rarﬁ%ucg&?]@rﬁc [drng ar?msasag%dgmrgacgusabgﬁ! Iy couphgd to

forma filte wher €i n trans s are divided into a

plurality of sub-interdigital transducer ortions, and wherein hhe.

sub- i nt epapgENg aditanbavieara phirality 0% staaess vheseinatl '¢ast ang stage of foe filler
resonators are arranged on: the piezoelectric. substrate to generate shear
hori zonjrlydavee filkfandeched kesdredoy edges of the piezoelectric
substrate. 20. The filter of claim 19, wherein the sub-interdigital
transducer portion that is connected in series w th another
sub-interdigital transducer portion has a different anount of el ectrode
fingers. 28

nt'erdi gi e

19. A SAW resonator filter comprising:

a piezoelectric substrate; and

resonators arranged on the piezoelectric substrate, the resonators including a
plurality of interdigital transducers having electrode fingers, wherein the interdigital
transducers are arranged so as to be acoustically coupled to form a filter, wherein
the interdigital transducers are divided into a plurality of sub-interdigital transducer
portions, and wherein the sub-interdigital transducer poriions are connected in
series, and the resonators are arranged on.the piezoelectric substrate 1o generate

shear horizontal waves that are reflected by edges of the piezoelectric substrate.

20. The filter of claim 19, wherein the sub-interdigital transducer portion
that is connected in series with another sub-interdigital transducer portion has a

different amount of electrode fingers.
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